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Tiiie: Spt'cies-specific ¥CR assay for detectiau of LeishmaiUa daiwvani in ciiiiicii 
sampies of Kab-aaar and Post kaSa^a/^r dermal leishmaniasis 



Ibc prcseiU invennor! geiieraliy relates to a pol)/i^T;crase chain reactian (PCEl) assiay for 
the diagnosis ef leishmsuiiasis. More particul.urly, the invention provides specific 
oligonucleotide! primeis foj- the identification of Leishmania donovmii parasiusi in 
clinica! sanples. FiirJtemwHe, the iiivcnliori also provides methods for deteciion of . 
{eishmaiiiasis using The said primes. 

Brtokisrouiad of tfeii ii.m'iiition 

Hie protozoan parasitcu of the genas Leishmanm are the causative agents of visccrul 

il leisiimfljujwsis (VL), u!ko called kala-azar (iCA.). KA is a syraptouiatic iiiiation of !hs 

t'* ■ ■ 

hver, spleen and bone inanrov,' caused by organisms of Leishmaniu donovani complex, 
Tiic iuiiuial inciderjce x'ad prevalence of cases of visceral leishmaniasis worldwide is 0.5 
„j millsoii imd 2.5 JiiiJlicjn rRspectively. Of xhcsc 90% of cases occur in lndia» U<&pii.i, 
iss 9 Banglixdesh and Sudan, The causative organism in the bidian subcontiuenr and Africa is 
L, d donovani^ whiie v.i she Metliteirancan basin and South Aniefica it is d.. infantum. 

z ■ • . 

PK.DL (Post kala-a/,a.r lierraal leishmaniasis) is axt unusual dermaiosiJi that dei^eJops av. a 
i5(3quei of K.A., producmg gross cutaneous lesions in llie form, of hypopigriientcd niacuiiis, 
ei'>then.ia and nociulCi;. Hie disease is relatively cojinnion in the Indian subcontinent 
less frequciii in East Alxica, bui exceptional in ihe American and European coatinenisi. 
Derection and characfciiaatioai of! Lcislwuirtia from patients of both KA and PKDL is? 
important for deciding txeatnaerii regimens a& well as for ujidei-standiiig tlie disease 
tTpidismiology. 

Current diagnosiic irteLho*3ii based on parasiie detection (slained smeaj-s, cultun.- imtl 
['.istopalhology) md iiimuuioloipciiii nleU^ods (DA f, ELISA etc,) ha^^e several limitaiioiis 
including low seiisiriviiy and speei fitity. Procedures for dcrnonstK^ion of die parasite m 
spleen or bone niarrctw in .KA and in skin- legions in PKDL aie invasive aiul often not 
sensiiive enoagli. Ii-nmijnological sncthods ml to distinguish between past and prerseni 
infections and arc no! reliable in ci:u>e of immunu-compromiscd padents. Furibemiore.. 
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boih of these methods do not ad<iress ths probkiu of species ideotitkalioiL which is 
imponant to dctemiiiiKi- appmpriiitc ireatmeat regimens and designing coninoi measures. 
Procedures involvinj;, ihc use of itiorioeloiial antibodies, isoenzynie and schi/oiienxer 
rinalysis and DNA hybjidi/ulion liave to be rts:.cui:4;d ia. Most of these procedures are 
icdious iind require siiiiSiiive cultures of parasites. There is, ftcrefort:, an urgent need to 
develop diagnostic prnccduites thai are simple, sensitive and sped fic. 

Jn recent ye;iis PCR ir^'A diagnostic tnelhp<k have been described for leishmanjasiiji, 
with a wide range of samhhily iidd specificity. An excellent target for a sensitive and 
rapid detection raeihod. is; (he Idneloplast iniiu-circle DNA, which are present ai 
thousands of copies per ceil The Tnmi-ctTcles have been usiid m targets for selc.c:ti\'t: 
P - ampiifi.caiioii of par-'iSJic DNA in various studies [Aviles, 11., A. Belli. R. Armijos, F.l:\ 
II Mojiroy, and E. Ranis. J. Pnrasitol.1999, 85: 1 S 1-187; Bhartacharya R., K. Das , S. Sea . 
•P S. Roy. and H. K. xMajuitsder. 1996. MicrobioL Uti:. 135:195-200; Nuy.uin, E., F. While 
II m, C. Thiikiir, R. Dietzc, i. Wages, M. Grogl, and J, Berman. 1 995 J. Inf. Di± 1 7 1 : 75 \ - 
'^^ 754; Rodgers M. R. Popper s: J., iuid Wirth D. Y\ 1990. Exp. Parasitol. 71: 267-27:;; 
© Sinyili. A. J., A. Ghrm, .Md. 0. Hiissim. D. Basu, M. H. L. De BBjijn, S. Adl-iva, K. K. 

u 

pf Maljik, and D.C. Barker. i9f>2,Parasitol 105: i §3-1 92.] 

■ ' ■' ' 

IJ WIrth and Prati CPew jSiati Acad Sci U S A. 79:6999-7(}03 {19S2) have descnfei a 
hybridizauon assay for the detection of Leiisiinijinia parasites usiug probes to parsisjK 
kineioplusi DNA. Tlii>5 aissay detects parasites in cmancous lesians ai.a seDsicivtt>' ie\'ei 
of } ,000-1 0,000 paxasiJ&s per biopsy specinteri. The specimens ai e collected by touch- 
blotting of mtroceUidose- sheefci over 3 small area of infected .skin. However, this aietirod 
is not sensiave eaoiigh M3 detect s^iiall numberE of parasites and relies on probe.s thi>i 
have to be purified from tlic parasitc-s themselves. This requites §3x>wth of these 
organisms in large qiJtintifieii isi the laboratory. 

A unore 5£n5:ilive assay >ms been sought for Lei-shmania parasites which \v\\\ be sensitiv^t, 
specific, cmd thus iist^M in early diagaosis of iniection, will identiiy die specie.^ of 
parasites more likely to iiuiuce severe disease, ai^d aid evaluation of thernoUicrapy and 
-screening of blood b:i?ik samples. 



2 



i27HSEB-200?.^ 21! 19 frqM 



TO ^i2122>ieS95:9 



■ To flro end.; ihe AppHtaitt i>a8 .fxpiwi^ it^Usf aiiiiirckcle; i^'A jire/fejjt. in 
. leishmania paraattes ■* W ys4 these .ki^oplast sequence^ to develop noval 
. i qli^aucleaiidc • pSxievs .^h.i*ft> eitiirtjfely. aaiative arid, - wipaljte of' defeotiii 

•. ^; Objects of the ilW!6n*S*J?« ' 1 ■ ^ ' 

th«, mm qlgeci of the :iiwention is w pfcvidiB Wyci specit^ specific anS; Wgjjly 
^ K?rositive oUgomiclwtidB prtoew for deiedliuh uf IcisMaw^ paiiMjte^ M .clinjck] 
.! -sain^Iefi ofpalimis- : : " ■' ■' 

IJ • parasites in <}linica^sainji^ 

■ : cultures aid iwiiaified a5 described Kin3^^«^»*»H*'^' LaiuKH I khlMx • • " • 
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Vidi parasite XPNA: ap^ 
contsinipgcinly human liNAiw *^ 

Fig.' 3, i Anii*&^ein i^tt^ 

ana! jteedt. . f J"- dUfiaymi ACfas^jijtne; 2,;.^- rfoifjaiiPoBi i, L, ilonoi/q^i 

C'J Fig. 41 ■ bNAiiK)9t^ca^0;?t firdinirecp^.fieia/istoiaites ^ of ISIA mi PKDL.; i ng.DNA-, • 

J Icb ladder, I ,K-Vl;.2.KA-a; 3. 'tLA-i] 4, JKA-4: 5. KA-Si <i. PK-l; 8, ?Kr3: . 

?■{ " ■ KA Bone BoanipW^^ 

. ". 'i^mi---:''' ■ '■ T ^ '-^ '{ 

isolate jhim i:! ihnoswil VD^ steain^ jjarasitc feo W-fiam KA mi PKDL pafci«rts «2 : 
aequoacfi anai^ls. Id^fiial B^uea«e-,of PCB.-. ^ o^in^ case, 'w^cih, • ■ 



,?7-REB-a00^ 215 21 FfWI 



TO 0012122468959 



P.S9 



ths d(|tet4(ni of l^ishin^ai ' palates Hie prizaicB aFo'speoiefr'. 

prs^TOFS or ; . 

of fUc :792' , 1^:; L ipHifya^i^ idii^lct^ ..ieil^iafiile: . sequence., ' dcpi^Bi^^ \ st ■ 

mpx]e ^laq- 245 fntiriss.i^^;^e!4un^al^ ^li'^of |«7Mc^:b^ve':be8r^^^ h^^ this - 

' Applicimt^. It. i's-'silisx; stkh 'detididd . aijai^i -^''jOlE!' piv^^ bf the inve^Hon-AVe^ - 
developed. '.. '.' ■' 

hp. . 'L'[ i^fimiuni- ^'^^ea^^ • ^-r , 

■ \vww:nc\hitit!ii:^ Sat'" /^aBidn:-Nq;."yL ipCTmcES. -caii be-. 

. arti$ci«Ily* Sjt^efliaied .iy'.'w^ :jjw5oit/,hii!fit^i^'a^^ fikill; m'itfce;- artvby-. using-. 

:ft • 'sjTO^iewzbriwpt^ •• .' ■•'U..i 

.' said: Applied:-Bi«i|5ys.tei^^^ . 
«iuii0i|4 ivfis!aii^IS^.^|.i:ku^^^^ jiivci;^^ L^^ISBQ! ' 

and SEQ ID N<!» 2. TboTOtprodoets view aodyaedtiy gel ele(}tt«^licff^.r ty PdR. 
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paUct^s.i])fc<tcd by letsfamaqiasis. "Ibc j}rimcr ?Qt la a jSrsi' pcii^: af t^li^ooucbotidee. 
• SEQ ?p No 1 ill SVAAATCXSOCTCOOiUSC^ .ar^ct SHQ ID 2 is 

= rJGGTACACrCTATCAiiGTAGCAC-SV " ' ^ . 

. FuTlheTr. ths inyeiaiion urovii^es a lie^fd .of.(|et6^^ p:ei»nicjB or Utishmnw'. 
: doaovani' in' ii sainpl? fi:om a pdc^^^ ^P^M ^I": Itii^Hna^^ 
. cjcropriaii^ the aiKps of: 

■ i) prui^iiiliis a mapUf from the pati«9t:au^pc|cd f^b^jn^ ^Qfi}ct<Hl 'm& Icbhirm^-. 
d<>fit!fytMi '.• . 

2) isoktiitg aiidpcdi^in^ ^ 

3) fonnmg u pol^toti&rase cSiam reacitioh soiution,c«iita|tninig.at lea^fit a portbn of 
nuelew! tVnni ateiji (ft),, a PGR isrimer.^^:coHsfe^;0f SEO.ID Nos, 1 arid 2, a. 

a buff^Eied Solutiap;'- f • • 

4) uBTryiiiig.o^l a pol|3fl^)ciijso chain wia^f ion 6a,lJie i'CR rBfustion ssdktiorj to atnpUiy 

.' • i rcaaitl^-gMi; ..' . . .:*; ' ;': ■• • . . 

Ill idQau>d, the sanip^^ 

i . \ L^is^(i!mki4pViJ>f.^ 4ibi(9d'.iiL iQ:B|iiU<!i^ Jtbtd-ex^^ i^ttnt^ PNA in^ PCR rescttons. 

JjfL Ib^i said m^lioslt. the sj^s uf ainipr^OFjxtg ^\dj(^is!ktmt^, {fowtvartl^spofiilQc nucldo 
ricia ^igipihpiisiQa 'irotial: daiia!.uira.tiQii at ' M^C for. ■2 . 'rApi1;^i^^^msd ■■ ky ■ 4f cyiias .at 

■ ['• : .3 iiiin, qf^ d^l nkxqampii til^^ ts q^^ni^d wt ^jjniti iui.ihix. multij^le copies of 
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Id addition, iJie asvcatiQn: ptbvides a Mt-.tca; ^kBots^iLeisfonpttia. dotaxtmi m a . 
sninplei ooliJpiisiQg pljgonucleotids! prim«;Bi Yvlwaidii the pjrirf^ei?* Ofitnprise SKQ- ID 
ISio 1 ^^EQ '.ins JNo 2, aiui \vhert!iTi thc;ipnnTiers^»6^ The said 

Leish^ania tfanGvcijii. _ . 

As sM eariicv; ti3,e.otij6Ctiv6'o€diemv(i|i^ '^^dtjiiii^^^.^'c^iPCDR piim<^ hmd oa 
IcDNA sequences, ■'wiiifih iiHeny :a aciosiliYsfjyJfoi!^^ 5^^ic;;dete^oii Li \ii>sl&vam, . 
Towards -end,; t^c -Apl^ilicanl im^;|^.VkD|^A ' ta|y 'cin^i.sequ^scio^^ fN»n 1.: 
donov&tfi Z>I>8 strain «>rit)d^ -ioi^ said d^^ed o%i^i<plfQ^ prin)«irs't^^^ showed 
lack of croas-waotOT^ V!tfi;Oi^^OT«»,|^j(i(^^^ g^^i^cally jeiBtojl. Tlifi- 

sensitivity andefrBRtiy^ oftibd rfCHtHaifeftdeCeDSottjs^^ its abib'tyid • 

amplify icDNAifE^<^^^ fsm m Wskk ti^.P]5fA<of;|fc i^wiw^' !>; . Wtaaj ate. 
s|hiirfipcati(jnl^P!3rrf.9S of .1^ cp«x|!mi3d Avijh: 4#:,s^jfieity aod sctisitiyity gf 
,Soiit!^rn-bas^- l>NA hy^i4i2atidnj ;yciNi^;foi^ by prebe^ 

Stfuer^^-ifipjnii.'tiici R«iraaitftP3fNA, serj«^ceaj^li^.iiif^ ik>ij^mmg;cts ijttl».a& .10 
, fg of leishntaniu EJHA diluted in- IQ aaiHfoni&j^ tec^fc^^ ." 

JiiiiiaJlyj.ttK! pHotbi?, were Svaliiatesd Wilhivarjoiiiis p3(^m0\'M^ffMii.lM^^^ BqrJ^ , i 
s\x?i3^^,aiiydmw^^ orij^n;0i!.|»D5'^ A^3)^^ in PGR, " 

■ .as dia^ihrws iaqta^ frpj& larie^i-^. |WeSB ihrfcc ij^aus lati'. ' ■ 

the farasi'ti fit ilCBy.pajcima'liy-i^iy^ 

thou^ thf -tjaijds: y^'dr? -of .^^jjfcar^y -foww^ Jaatt^fsJ^ -i^A .from. I-' 

majoff arid Zy.p^i&i vyas not lajjapHfifed -^ndi^liig..?!:^; p^^es^^ifwaj^^ pnmBFfi; •: 
(lane; 9 and ^p^iisS'^edfibify forr; \^ ^iiirdii^|^ta.bSs1)4d, smce ttui ' 

erf I'J'NIA iip io lOajgl^ikLtti^ 6i|^ji -«fa^«ir;;atid gf /^, 

mpiga m tiusf^'s'sfB^'w^p^^ SSpcQifkUy. of 

. the i^^cE^,.w^.;8|ifiiJ ^eYal«^«4<usaig E)]6J|«ii|it^|r^;imra^ csusativc of the 
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In order ta eslablish the eJinical ulility of th6 assay,.. PC^ aaiplificato was .eval^ . 
with DNA frpm several: recent isqiateis of the ^m^its. Parasite ca.Ittires ^ere set from 
hone marrqw. ;^fate8:;;of . i(ivc KA^^ tej^ileii to JSJH ovitr last two years 

(desigaaJte<3 Kisi4dA5)j, .DJ^^ iso,lftt6d fitim each of liiese cultorcs was obsdived: to be 

oi'.cultures i^i^«3d fn?m dtsripsii ;ie^ic>n6 .of PiCDL ipjitieats {^K^l. to ,PK5.) (E% 4, lanes 
(SriO) while th<i! parasite, c^i^ltute is(>lated fixjm a of . cutaiiedus ieiahnaaniasU' , 
hajihngjrpm 4f^\?aiigtto gave >o . an^ tijs Pfek test [(Fig 4, laii© U). 

■ • Smsitivity pi th'e 'pssai(f;'w!tli ihe iscrtates:of l^'and#II>t. was';&iiiid'td be -1 fg-'of tpSaJ. 

■p^A. : ' .■ ;■• , ' 

A ciipdic^.' study was im^ert^Bn; kith indian'palieiits of l?oth ,KA and PKDL {lairig 
FCK based qe \A I pfiErjeir& The?. PGR a^say was pvaluiated with clink;al samples froni 
Bi^A -^^^ .pKPI^-' 4ong^\wi!y:ii;Mtable.-p^^^^ PeK'aiiai'ysis 'of represeaitaJive '■ 

s;^ple 'firpra e%<;fh of: t^t maieri?ils i,^-, hei^e: ihajTOW and -w^^ Ix^ns KA- 

patientsi blood torn i^iajaaa ahd'^bercalosis patients, blood fit>ni "iiiideOTic controte, ; 
i^sih lesioii fj'pm PKPl aiad:i«pfo*y patiems is shown in fjg.5. Oiatyisampfes from!., 
honb toa,jcmw ^d bl<^d j^jcii KA' patienta and from PKDL slvin ^^ssioiif .were PGR 
|jositiy^ fF,ii, SyJsiRes .l;;i'arid.fi^),,R(5^t of th(? j^ples wore negative (Fig. 5, lanes 3-5, 
arid 7). All «%ht saBif>le$ isf bone i^aanow as]fniatea of Kata-azar paiiehts give {jojsitiva . 
r^iilt w^eh sijbj^.C{ied; tbj jPG^^ (Tabic X). The resuhs showed that the 

ptiniere ppi^W sj*^ fmiJi peripheRiI blood of 49/51 KA f;aii<5nts 

.(fable ,li)..v,ld0itieal l«si4t^ vcsbtained ai PCR ufeiag DNA eJettacted. by phenol: 
(jMdrpfoii^ 'Jnfi^^od qr QJ^^^ blood mpnikil, indicating that either , mete 

c6uld be-emp^^^ of patient?s blood wa^- §Mmcj: to be! 

suffiG^^sllt far M'Pi^^^^ test; jjiiditjaaiiig tremepdous, cKmcal useftilmss 61' iiie *cst: All 
malittia(15 cie<ys) and Iwherculosis (15 cases) blood sariiples were negative whiSe two; 
^>f the 20 OBdertiic controls regctjeid positive m PCR (Table 1). A.^liiBe mi^^riiy o^ 
PfvDI- c^es (45/48) positive; resiiilt while jali the leprosy c^es (32/32); were, 
tiegsitive (Table 1) Samples of hdrrn^l dermal tissue &qm urjaffeqtfd partfr 6? skin of 
PKDL patisSits (19 cases) were negative (Table 1) Sequence ai^ysis of fhe PCR 
product obtained wth DNA ftoin elini«al $'dmples (KA Blood and PKD,L ttaisu^) as 
w^U as ^^om pa,ra:pitq isolates of KA and PKDL revealed that th? sequence of the 
products was identical to that obtained with ^je KD8 strain of i. donova.nii^'\§,b). 



Si 
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TABDB L Result* of PCR assay in KAand &ia3Lclin^c4^ai^ 







Totisil 
cases . 
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NotmiJ tissue from 










PKDL ^ 


19 


0 


0^ 



The invention idi ^(ijscnbed tn detaU heroalfer; aind^is;:descnptioa shonid not . be 
|y eonstmed as a;!fl5iiitaticm[onthe:S€opeo|"lhd w .\ , 

%4''' •■ .•, : ■ " . . •; , ■ ' ... '.' . [ y • |..'^ .•' , ■ ,- 

Pafients: Fi% osiie JUlar«2ar: patients hailjing from Bihar (India) aid ;i;pp,crnnig to 

Safdarjnhg hospital (SJH), New Delhi (India) were included m llie fiUidy at the 

pretreatmettt ^tsige, Tlis patietits presented wih cRarsoter^slae symptoms; of such 

as ffffeti liepatQ^j^Acmegaiiyr -anieini aai leju^jpienia. Only ^osei crises were ^l^en - 

where the dja^icfsiis of KA confimed by demonstfatron of ,parasjites. .m bone 

man-QW aspirates; Slood was taken from aili 51 patiepts; In. addition, hone nsarrow 

saniples were obt^ned Sromi 8 of tliesep^ients. Clmical samples we^e also taken ftxmi 

a total of 48 PKDL patients that were onginally from j^fhar (India) and reported to the 

Dennatology Deparfcmait of SJH during the penod fronj 1996-2000. Porty Hv? pf 

these re^ported history of KA whilt? the renjaining three wttre not aware of li The time 

.elaps«?d after cmi^ from KA mthe.45patt«aftt«fe^ 

. Cliiucal diagnosis ian; 36 o^ses was tosed on ^onidilioa^chiipa^^ by erythcmafejus 
indurate: af iea$i;': pif^tdonodnlar and faypockro^ i^i mstculesl in ^ biiateciil jdistpbutidn.: 
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The remaming 12' palbnts iiad a, predojuiiiantiy macular p*es^tati6n, most of' 'Savm. 
being the subject of a recent study. SHt skin sipeats stam£!4 by Qremsia were positive 
ill only 10 caises. Histopaihological fmdmgs on sldn l?i6psies were similar to those 
. : r<^drt^ esgarliei:. 'tUs dermis slw)wcsd a difflisei infitoa;tiph:b,y lynji^acytes, faistiocytes . 
■ I and piaama ceWs^ . All patitattSi r^sgpidndiei iwall ^a:J"^i^i^^ With ,sp<i|um aatimoiiy 
■ : glucj^a% The Cf^ntrol g^btip of patients C(SiaijEis^ caisies .of inaliiria, 

^^ piiIiHqMjy^b^r#l6s^^^^ Iqp!r<>matDus ■ leprosy;- i^^ 
; vdla^jfedB; Imng fa 
; inclti<J4diinthe coiia^l gwup/ ^ ^. 

' \ Piarasites: Teii WHO reference srraiijs &t Z^shmcmiU origlnatrag from dtstiftcl 
|J ' ge6^,^liiic kicaSidiis werei ased -iai th.6 gtttdy. ilTiekel.iBcltid^^ L. donovani 1>DS . ■ 

|V ^ I ; Iiidia^ I. ;dofiomm]lS (M(W/SI>/00/lS-Cl2D) |ront S^d^, i:; dor^avani-WB. • 
U : . • ■ (MHOp^T/67/8i) fh^ Ethioiiia,-i. donoyani infimimi^tm Ikfla;; ^' 

p : ■ 6M ■ '.(TOOIVl'SlJ/74/BC27) ' Brpm S&yiet^ /tJiaibyi,' L ' major .WR6d2 

W ■ - ^i' (MHpf!?li'Ei67y^Gric^ 1I/WR662)- f^om'' '. .IsirafeV:^" L. .major ■ L.V39 
Si • ; .(M!t|K3/^Uy;S^^ ^from^ Spyiet ymon^- x^d X. : niajpr ' AS^i ■ ■ 

ii . ; ; (M^Qivlisi^i73/5ASS^ ,&jrft "Soviet Xfnian. .m ithese; strains, ttrp -depbsiied :at. , 

U ' i , patierif$;.<)f VL;|;PCfe6: and IldBSi' and Piq3L^ <Iiq^5^, bitigiij^ng, firom ; Bfeari Indi^ 
. :.iasd-.iilfiiai^ei I- d^yq^ni.:,!^^ para?!k!'i48oi3ites.;-W€|e;.set i^pjin'-calturif-in our. ■ 

* laboraiory ;x>yer l^t Wo yeipi^ frofii.patierit^ VI. jajpd PK^ti repotting to ^JH- All 

• ••• • ■ r 25mM-ltS^S;i)H.l5 and lCSf^^ 
phasp, washed in p^ioisphate bi^ 

collect^jiniNETbvfcClSOna^ 
was <;(jl)e9ted in hepjffini 
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brought on ic<j. Samples were transferred to 4^'; imd generally processed on ih^ same 
day. B!o<xi (0.2ml l« I ml) wa-s treated with RBC lysis buffer (1 14mN4S(>di.im]i phcsphato 
pHS.O, IniM NiUCJ) atid ihe buffywat iaolaUsd. DNA from parasUe cultim-cs as vv(=;rt ;is 
from clinicAl riar'ifiics (Sldn scrapings, bone marrow or blood) was isolarsd by 
overnight lysi-a NBT buffer with lOOfi^'ml of Proteinase-K and ]% SDS. DNA w^ts 
eiitracted by phcfjol-chloTofomi extraction and etliaiiol preeipiladion. h\ a few ^airiir/les 
DMA was isoj&lsd iroiii 0,2nil blood using QUarap DNA blood uiinikii (QiAGEN) in 
order io doiemrliie if this racHiod provided any advantage over the phenol, ciilorofomt 
method for GNA exrraciion. 



|,& Oligionucbotldic^ primers: The 792 bp L. lianovani kinetoplasi minicirclc iic>:>uu.ri.t;c 

ly (Accession uo. VI 1401) was analyzed using PC-Gene software progrsmniii and 

If appropriate prtrasirs were identiilcd.. The two pnmcrs u:!cd wsrs ■ 5 - 

tl A.\AirjQGCT€CA\kGGCGGGAJ>^\C~y (SEQ ID No. 1) nvid S'- 

1 GGTACAC'rC'rATCAGTAGCAC-3^ {SEQ II) No .2), together desrvgnated ms Ul 

, 

primers. Thcs<-' f^'&re syjuhesi/.ed using an Appiiod Biosy-steraa DN A'P^NA >:yafhcsizer 

£3 

f J mode) 394. the. Ldl primers SMnphfy a fragment of approximately 600 bp that i»-^een 

onthegds. 



PCM. ainplilli'Sftiimir DNA frora cuUured pfu-asiies (Ing) and fi:om ciinical saaipJcs 
(lOOng) was saksn for amplification «sirig ih>:' Ldl priraers described nbove, Roaclion 
mixture {SOiiU eoiitaincd lOmM Tris-HCj, pli 8.3, 50mM KCi, l.SmM MgCi:, 
200pM of each d^juxynucleoside triphesphfity, 50ng of each primer., and 1.25 uiii??; of 
Taq DNA poly rne>ruse (Gibco BRL). .Each raaciion was overlaid with mineriii cil and 
ampiificalion wiis performed in a thcrmalcyckT (Perkin Ebner) pro^rammtd Tor 4^) 
cycles of denaiiu;:iTion at 94'^ C for 1 min, aimeaiing at45^t for 1 niin .and c.'cten.'^iaxs <n 
for 2 miru pri:M£.x3.ed by an initial denan.irauon 2 nain at 94'''C. Final extettsirjn was 
Ibr 3 min ai Ti^'C ?*roducts were anaSyxed by electrophoresis m \% agnrose gti 
containing O.Siig/ml etliidium bromide, in TAE buffer and photographed under IN 
•ilittninalion. 

SoTitiieni Blot latiiilysls; PCR protlact^s were analyzed in 1% ai^arose gei aiid 
Southern blot armiysi^s wias dcknc as described in Joslii M cl al, Moi. Btochcns, 



fr 
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Parasitol ii>93, 5fi; 345-354. Southern blots were hybridized with •''V iabcicd cloned 
Leishmania donovjm kDNA iragitieiii using the conditions described in Joshi M a al. 
Mol. Biocheni. ParasJtol, 1993, 5S: 345-354. 

Seqaeisciug reaciiifla: The PCR amplification products tarn cuititre isok^Ees -m^ 
clinical samples of KA and PKDt were cloned into pGEMT-Easy vector sysiem 
(Promega). DNA »eciuerjce was perfomied with the AB[ PRISM Dye f 'emiinalflv 
Cycle sequencing- k\i and au ABI PRISM automaied sequencer, Model 377 (?erkiri 
Elmer, Warrington^ Great Britain), Briefly, the sequencing reaction rnixlivrc coniaincd 
tcnranai'or Tendy i'euction niiK, DMA. template, primer ami 5% DM,S<'> 
(dimethyl sulphoxtde). DMSO was iiilded to lt.(iep the DNA. template doQi^xure^ auice 

O Leishmiuiia DNA i'las a uigh GC content. Th,e PCRTeiiction was caniexl out in DNA 

if-| 

g I herniai cyclpr 6i4odoi 480, The PCR reaciion conditions were fbiJowicd as f&t the 

P"^ Perkin-elraer iinaivtica! manual. Scqucncej/ were assembled and edited in the 

13 Sequencher sofJwiirc (Gene Codes Corporation, Ann Adx)r, JVIL) and afiaJ^zod with 

Mac Vector DNA rmd protein, ^etiiieucs anaj>"sis software (Genetics <?on\puii3T Group 

O Inc., Madison, Wi');. 

W . • . ■ 

Observation: The PCR products ampHfieti jroin the clinical samples of KA &. PKDL 

iDJ showed identical nucleotide ssq^ience as the u^iltar(5d parasites. This confiiipiiwl 

presence of Luixhmaiisii donovani pjurasites in the sample. 

Using the above method, ihe Appiicajit has- developed a PCR ss5s<iy iltat is ^cica- 
specific for donovani kDNA among ti'ic Oki World Leishmantus artd c;ui detect ihe 
parasite in a hichiy sensitive maniujr in dinical samples of Jjtdiart patienti; oi'boih KA 
aiid PKDL. The s}&&i.y couiU detect as little as Ifg of parasite DNA from Tjjdian stfiuiis ot 
L donovani, m iartoum thai represents th<i equivaient of approximareljr 0. 1 piirasute. 
DN.4 from several parasite isolates obtained from patienis of KA as well a;^ i^KDL 
originating from {he endemic region- in India was; fourid to be anipliftcd wish cqua!. 
sensitivity. Thersfbre the as&ay is theoreticuliy capable of delecting -n siijgie parasite 
in a biological siiirsiple. The extreiwe sensitiviiy of -the detection S3'sier<'.i was evjdeiii by. 
its ability to amptify parasite DKA from pcHpheral blood of KA patients; and dermaJ 
lesions of PKDL m ;% large raajority of cases. 

A total of 107 clinical samples from iei.shjxianiasis patienis were esaiiiiriod and 05% 
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tested positive in PCR. The PGR described in tliis invention yieldai a wnitjue- product 
of 600bp atid no non-speciiic side product or artifacts appciwed on ti^e gti. It has Utc 
advsmtage that rcitiuUs were easily and uncquivocany interpreted upon anulyas^s on 
agarose gels. The high level: pfseasiiivity vvas reflected by ihe ability of ihc atssay lo 
detect parasite I'iHA 'n^ peripiieral blood of KA patients with 96% seiisiii^ itv \\\ ihc 51 
cases examined'. Dse of peripheral blood is advarstageous b(3c:auHe the c-olkction 
pTOcedaro is.iess iRvasive and safer than the crplenic or bone maiTOW biopsy spdcsmco 
collection. In earlier studies for diagnosis of due to L donovmi, iht SiMJsili '.-ity / 
PCR. for blood saiiiplcs has been found to be in the range of 45-94% bsised on suiiilidr 
sample si/tj riwtdag froiti '['"r to 42. [Adhya, S., M. Chatterjee, er id Triui-;, R. So-:. 
Imp. Med. Hyi>. H)So: S9: 622-624, .f^Jidrcsen, K., S. Gasim., A. ^1. et i\\ 1'^)7. 2; 
O 440-444; KatoUiQ';^, K.., S. L Kawajio. T'. Maya, et al i998. i. Clin. MIcr,>bioI. 

15 36:2173-2177; 'Niwum, E., F, WMclH, et ai. J. M Dis.171: 751-754; Osraan. O.i-'., L. 

fy Oskaai, m al .f. CMxx. ^4icrobiol. 1997, 35:2454-2457; ++-l-S!ngh N.. M, D. Cunran, ot 

m ai Trop.M<sd& iwi. i-iealtli.1999, 4^448-453; Sniyth, A. J., A. Ghosh, ct ai 



b 

lU 



■Parasitoi 105: 1H3-^192.] 

for de-lecl:ion o.i Vi. due to L, injanrum, which j-nay have a diffcretii paihogenesis. 
sensitivities bfitwecrt 64-97% have been rep<:irted with blood samples [Lachaiid, I .f , 
Dereurc. el a! 2000. 1 Cliu, Microbiol, 38:236-^240; Mailiis, A.^ and P. Depla^'.i^ri. ?995. 
.1. Clin. MicrobiaL 33; 1 14.5-1 1 49; 

Nazuni, E., F. vVkite lU., cl al 1995, J. M. Dis.I7h 751-754]. The fjensiiiviiy of 
delecJioii was esnl percent iii the limited number of bone raarrow samples 
exaniiaed. Bone nterrow is known to have a high load of parasites while in poripherai 
blood the pi-rasitps are relatively scarce. Studies repotting PCR wiiii de-^ccuon 
sensitivity comp;l^^lbie to ovus (less than a single parasite) did not obtain sc/isitivilv 
high as our assay vvheu using blood samples of KA patients [Katakura. el rd ]99B. j. 
Clin. Microbiol. 3^f:2] 73-2177; SmyOtu A. j\, A. Ghosh &L al 1992 Paiusitol 105: WS- 
192]. 

V/iib clinical sainpks the sensitivity in practice may be fiffected by factors amcH as 
accessibility of fne DNA in parasite corntaining biopsy samples and the conditions 
LLSed m Ihe PCR cnliplS ficaiJOJii 



DNA isolated frotn the pathogens causative of contmon co-endaiaic di.-^eaf^:? ^W. 
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'M. luU-rrh'sosis and Plasmodium) was noi amplified. Blood (ram nv4]:iria fMid 
tuberculosis pjiliciifs ware PCR negative m ail cases (30/30) while two of iho tnaenTJo 
controis were i»CR posmve, giving an owrail. specificity of 96^i in me conlrot biooci 
samples exatmiiud, Tlw two positive endemic controis were relatives of Kj\ piitiBnJs 
and possibly atfynipicaiiiafic carriers since b(;rh cases reacted posiiive in iELIS.'N. wiih 
recombinant antifen k39 and in dipstick tasi using iramunochromytographie ^trijisi 
coated witJi ds3S' axitigen (vSa)otra and Srceiiivas, unpublisiied data), rests reported k- 
be spt-cific far KA. (Singh, S., A. G. Sachs, et al 1995 J. Parasitol iJJ;iOO{j.-|i)03; 
Smyth. A. J., A. Oliu^X ct-nl Parasito! 105: 183rl92: Sundar, S. G. Re&J, cl al 
i99S. Lancet 351-563 -565]. A rccsni study has reported a PCR :issdy that conU olieri. 
detect pariisi'iei'nia ;i few weciis betbre liie appearance of a\iy clinical iiigijy or 
£:/)^iptonis [La^J'saiid, L., J. Dcreure. ei 20i50, i. Cliu. Microbiol. 38:230-24Uj. 

In India, lO--20 perceEt of paticrws apparently cured of KA develop PKD 5". . As there is no 
kjiown animai reservoir India, PKDL patients are considered an important source of 
inaaisniisiiiori iji rscejit cpidemios ofKA ivf fcaia. The disease is uasiJy curifused -o/jih li 
liitmbur of skirt dir-orders primarily leprosy due to similarities in tlic clinical prtisaiLsjiioii, 
therefore a high Ic-vei of clinical oxpcnisc in needed to diagnose PKDL. Detection of U'y 
bodies in sfcin. -SiJaions by microscopy gives positive result in only aboai 58'''« cases &s 
paiasiles are fjcanjy, HarJy recognition, and treatment of PKDL ^vuuld contri'vjis 
.signiftcanily to Use conuxtl of KA, as cases of PKDL constitute a reservoir for 
Le/^ahmania pariisiit:. Hie present assay valjdati:d in a large number oi" cases, [.irovi-dcd « 
higiily sensitive rcothod for diagnosis of PKDL. The sensitivity of the assay wa« 03.S*;s 
for PiCDL whien: is ^^TgT^if^ca^ltly hi^er than reported (82,7%) in a rectrnt study with 32 
PKBL patienis ur\ Sudan.. Specificity of the test was 100% as all of ihe confaoi iisAUOS 
exiimined (32 laprosy Ic-sions and 19 derma! samples from noiTnal regiosiss of the akin cf 
PKDL patients) reitctcd tsegativi!;, 

SpeciaB-specificiiy ol'the assay v/as carclwUy evaluated taking DNA. from difi'erej-jt. 
strains md spcck^i cr Old Worid leishmania. The assay was found to be' positive with, 
several WHO. rd.bix-ncc strains of L donovani originating from, distmci geographicsn 
regions. L. domwmi from EtJiiopia and Sudan and I. d infanium from Spain gave 
PCR products of id;;n5ica! sjz,e but of comparatively lower intcnsisy probabiy tiuc to 
tower copy numbsir of the target kDNA sequence. Variations ainong d. donovani 
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siraiiiy iiom iiinbrciH geographic regions, have also been deteciod by V^AVD-PCR 
and AP-PCPv iinalysi^. TTtc priniei^ were found to be species-specifit for /,., r/ofsoram 
as DNA from hvo oiher Leiishmatua species sxamined {!.. major mil L. ifVpun) min 
noi amplified. One ciinicaJ isolate oft. u-opka from a cumneous ieishmitniii^is pkViCiw 
was ali50 Tifcgiii'ivt; ^vhlle seveml climcal isolates of KA. and PKDL were z\\ \H'>SMiV't. 
The PGR jmn1iicp.s amplilled fTom clmieid samples of KA aad PKDL showifd 
identical nucieosid'i sequence as the cuHured parasites. 

The PCR pj-ovi^CR u useful fool for jsimulianeous rypiag of parasites v/hiic the diagnosi.<; 
is ptrrR-Mmed in diiitcai samples. Such n \m\ is necessary lo corBpluajuni dia»u3osdc 
as5a>'s since vaof-i of them do nof furnish the Lax;onomK infomiaiion sboui im wirasitc 
required to deiomnne the appropriaie therapeutic regimens and comriii measure;.'-; fr-i^rly 
dcicctiori and i7,m!iJ!arie<3us typing wouJd enable impJemenlation of iijjtcific neanii^j'a lo 
paliaiTs. Loishmufthi Is iitcreasiTigly recognized as an oppoitiwisiic paihogen rtunisg tx>- 
infecUon with iJiV. Since iifcidence of HIV infection is on the iiucreast; in India, castss of 
cG-imx-ctioiii Ivjskmania ai-e lik&i'y to preseiiu in future, in such crises tmiraiviojogica.! 
tesTs have parLicuiaiiy iow scissiiivily and ii5c assay would provide a rapid deieo&ojj as 
well as species idCTsuficatioa QiLeishmama. 

Since tliis .mefrnr«l is rapid asid refMroducible, fhe Appliciint believes thai it can be iKe<5 for 
She reliable ident! fuuition /uid chiinictc"ri7.ation of cultured parasiifts, Anoiiser pot-^'.ituij 
value of the le^^ cejit be ia deieciiny, and t>'piag parasites in vectors for tspidemioiajpcaj 
surveys and in reirofiptjctive studies of archival material 

Tne identificatiori of conserved sequence elements represeirled x^iilitn the kDNA of a 
given species oi LbiUkmaiiki would allow design of oUgonuciootide pTjR^er^ w be uatvs 
for species-spe<;ific tdemiiicaiion of parasite in clinical samples. The Appiicani Ivah 
anaJj^'iscd kDM'A ^;cit;r.era":es firom Oid World Leiislmitmia? and' designed primers srvecifn;- 
for L. donovani ?;p£C!«s to dewct IcDNA from a single parasite in presence of liago excess 
of humaB D,NA. u!i!it>' of the primers designed for doYiovmn has been exnjViiried 
in clinicai sattiples from KA andlPKDL patients in India. The PCR test was fcsiind to be 
sensitive exioui^^ ti> detect parasite DNA B-om peripheral blood of KA patiunis asid frora 
skin iesious of S^FCll'L patients. Furthermore, U)e leist was specific for L dQnuvani sr?e«;ics 
of tlic parasite leBdahg to siinultajieoiis species identiticstton of tJte parasite. 



